Objective To determine the incidence, severity and nature of injuries sustained during the men's and women 's 2014/2015 and 2015/2016 
decision by the IOC to include men's and women's 12-team Rugby-7s tournaments within the Olympic Games has added two further high-profile international competitions.
The sport of Rugby has a history of introducing evidence-based player welfare initiatives based on data collected within national and international injury surveillance studies. The first injury surveillance study at a major international competition was implemented by the South African Rugby Football Union at the 1995 Rugby World Cup in South Africa: 3 a practice adopted by World Rugby. [4] [5] [6] [7] In 2002, 8 the English Rugby Football Union (RFU) established an injury audit programme entitled 'England Professional Rugby Injury Surveillance Project' with annual status reports published on the Union's website. 9 In New Zealand, results from the 'Rugby Injury Prevention Programme' 10 led to joint ventures by the New Zealand Rugby Union and the country's national Accident Compensation Corporation to develop the injury prevention programme 'Tackling Rugby Injuries' in 1995 and subsequently to the 'Rugby Smart' programme in 2001. 11 12 Detailed epidemiological studies by the RFU and World Rugby 13 14 that examined the incidence, nature and causes of concussions sustained in Rugby-15s and Rugby-7s resulted in the development and implementation of a head injury assessment protocol in 2012. 15 16 The fast-paced, physical nature of Rugby-7s coupled with an extensive year-round programme of international tournaments places a heavy load on players. 17 18 The addition of the Olympic Games Rugby-7s competition at the end of the players' established annual schedule of international tournaments adds to the physiological and psychological load experienced by elite players. 19 The aim of this study was to assess and compare the incidence, severity and nature of injuries sustained during three competition stages associated with the men's and women's 2016 Rio Olympic Games, namely: (1) 2014/2015 SWS, which was the primary qualification route for the 2016 Rio Games; (2) the 2015/2016 SWS, which took place prior to the 2016 Rio Games; and (3) the 2016 Rio Olympic tournaments.
MethOD
The structure and nature of the SWS has been described in detail previously. 17 18 For the 2016 Rio Olympics, 11 qualifying countries together with Brazil as the host country provided the 12 participating teams in both the men's and women ' 20 and nature, cause and time of onset) and match and training exposure data were collected for the 15 core men's teams and 11 core women's teams in each SWS and the 12 teams in the men's and women's Rio 2016 tournaments. Study manuals containing definitions and procedures together with copies of all audit documentation were sent to the medical teams supporting each country before the start of each competition. The definitions and procedures used in the study were compliant in all respects with the international consensus statement for epidemiological studies in Rugby. 21 The definition of injury was 'Any injury sustained during the period of a Rugby- Team match exposures were calculated on the basis of seven players/team exposed for 14 min per match (20 min per match for tournament finals): no allowances were made for players temporarily (medical treatment, yellow card) or permanently (red card) removed from a match. Team doctors or physiotherapists recorded injury details and players were followed up post-tournament in order to obtain final confirmed diagnoses, surgical procedures and return-to-play/training dates. In those cases where injuries remained unresolved 3 months after the final match of a competition, team doctors/physiotherapists provided a return-to-play/training date for the injured player based on the injury diagnosis, the player's current state of recovery and the medical team's clinical judgement about the player's remaining rehabilitation time frame. Training exposures (mins) were recorded for players by each team at each tournament for the 5-day period prior to the start of each tournament using seven categories: warm-up, cool-down, rugby-skills (contact), rugby-skills (non-contact), conditioning (weights), conditioning (non-weights) and other.
Players' baseline data were summarised as means (SD), incidence of injury as injuries/1000 player-match hours (95% CI), injury severity as the mean (days; 95% CI) and median (days; 95% CI). 22 χ 2 tests were used to assess differences in numbers of injuries; Z-tests for differences in incidences, mean severities and proportions of injuries; and the Mann-Whitney U test for differences in the median severities of injuries. 22 Trends in the incidence of injury across all tournaments were assessed using regression analyses. 22 Due to the number of statistical comparisons made in this study, differences were considered to be statistically significant if p ≤0.01.
This study formed part of World Rugby's ongoing player welfare injury surveillance programme.
results
The countries included in each stage of the epidemiological study are listed in .036) of the female players at Rio 2016 but the differences were generally not statistically significant. While members of the gold, silver and bronze medal-winning women's teams were generally bigger, in terms of body mass and stature, than those of the other teams (figure 2), members of the men's medal winning teams came from across the size spectrum of teams competing at Rio 2016 (figure 3). Table 3 summarises the number of match injuries, exposure and incidence of injury as a function of competition and gender. The incidences of injury in the men's tournaments were generally higher than those in the equivalent women's tournaments but the differences were not statistically significant ( More detailed assessments of the variations in the incidence of injury from tournament to tournament are shown for the men's and women's tournaments in figures 4 and 5, respectively. There were no significant trends in the incidences of injury across these tournaments for men (R 2 =0.001; p=0.902) or women (R 2 =0.077; p=0.409). Table 4 Tables 5 and 6 present the locations and types of injuries sustained by players at each of the competitions.
Match injuries
Six on-pitch World Rugby Head Injury Assessment protocols were implemented for potential concussions during the men's and women's 2016 Rio tournaments but only one concussion in the men's and one in the women's competitions were confirmed. The most common injuries sustained by players during each competition are presented in table 7. 
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The injury burdens (total days lost to injury) associated with the injuries sustained at Rio 2016 were 1204 days for the men, of which 74% was accounted for by four injuries (ACL tears (2): 468 days; Achilles' tendon rupture: 234 days; posterior shoulder dislocation: 183 days) and 736 days for the women, of which 68% was accounted for by two ACL tears (500 days).
The nature and cause of onset of injuries sustained in each competition are shown as a function of gender in table 8.
training exposures and injuries
Mean team-training exposures undertaken during the competitions in the 5 days immediately prior to each tournament are shown in table 9 as a function of competition and gender. 
Illnesses
For the men's teams, 11 illnesses were reported during the 2014/2015 SWS tournaments, of which 9 were infections (respiratory: 6; malaria: 1; chicken pox: 1; gastrointestinal: 1), 1 a non-specified virus and 1 an undiagnosed chest pain. Two of these illnesses occurred while travelling to, eight while at and one while travelling from a tournament. Sixteen cases of illness were reported during the 2015/2016 SWS tournament: of which 10 were related to gastrointestinal infections, 5 to a range of other infections and 1 to a pre-existing medical condition. Two of the illnesses occurred while travelling to, 13 while at and one while travelling from a tournament. These results represent an 
DIscussIOn
Fourteen of the 152 male (prevalence: 9.2%) and 9 of the 148 female (prevalence: 6.1%) Rugby-7s players at the Rio 2016 Games sustained a match or training injury: this represents an overall prevalence of injury of 7.7%. Compared with the 2014/2015 SWS and 2015/2016 SWS, the incidence of injuries at the 2016 Rio Games was higher for men but lower for women: these differences, however, were not statistically significant. The non-significant differences observed from tournament to tournament are due mainly to the small numbers of injuries and exposures recorded at individual tournaments: the men's and women's incidences of injury at Rio 2016 tournaments fell within these normal tournament-to-tournament variations. Rugby-7s is a full-contact team sport and therefore it is anticipated that players will experience a higher than average prevalence of injury, as most other Olympic sports are non-contact in nature. Despite this, a range of contact and non-contact Olympic sports, including athletics, BMX cycling, 
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boxing, football, handball, taekwondo, triathlon and weightlifting, have reported similar or higher prevalence of time-loss injuries. 23 24 The prevalence of concussion among the Rugby-7s players at Rio 2016 (0.7%) was less than that reported during the preceding 2015/2016 SWS: this prevalence was also less than that reported at previous Olympic Games for bicycle motor cross (BMX) cycling (2.1%) 24 and similar to that reported for baseball, boxing, football and taekwondo. 23 24 The mean severity of injuries sustained by both men's and women's Rugby-7s teams were higher at the Rio 2016 tournaments compared with the 2014/2015 and 2015/2016 SWS: this resulted mainly from two ACL injuries being sustained in both the men's and the women's competitions, each of which required surgery. Rugby-7s players experienced a much lower prevalence of illness at 2016 Rio (0.7%) compared with the average prevalence of illnesses reported for athletes at the 2012 Olympic Games (7%). 24 World Rugby has an established player welfare research programme, which investigates aspects of the game that may impact on players' risk of injury and/or ill health; 25 particular attention is given to the investigation of modifiable risk factors. One aspect of the present study was, therefore, to review whether the timing and/or format of the Rio Olympic tournament impacted on player welfare. The team qualification process for the Rio 2016 Olympics extended from October 2014 through to June 2016 with the final qualifying country for both the men's and women's competitions not being confirmed until 6 weeks before the start of the Games. This process had the potential for some countries to take part in 9 qualifying . This meant that a qualifying country might need to take part in 24 individual tournaments over a 21-month period: this competitive load would also be amplified by the physiological and psychological loads associated with related travel across six continents and multiple time zones. 19 It is worth noting that the gold, silver and bronze medal winning countries in both the men's and women's Rio 2016 tournaments came from the world's four top-ranked teams that qualified directly from the 2014/2015 SWS; these countries had the benefit of not being required to take part in any of the additional qualifying tournaments and could therefore rest and prepare specifically for the Olympic Games in the periods from May to December 2015 and May to August 2016.
There has been increasing discussion about the effect of changes in pre-competition training loads and their potential to impact on players' risk of injury. 19 26 27 It has been reported that increases in an athlete's short-term training load compared with their baseline training load can increase fatigue and enhance the risk of injury. 19 27 The pre-Rio training load for women's teams were comparable to those experienced prior to tournaments in the 2014/2015 and 2015/2016 SWS and there was no increase in the women's injury risk. On the other hand, the pre-Rio training load experienced by men's teams was almost 20% higher than that undertaken prior to tournaments in the 2014/2015 and 2015/2016 SWS tournaments and there was a higher than average risk of injury. Whether the higher incidence of injury observed for men at Rio 2016 was the result of normal tournament-to-tournament variations in the incidence of injury or was a result of the change in precompetition training load cannot be determined from the information available, as the long-term training loads of the teams prior to the Rio 2016 Olympics were not available.
There are a number of strengths and a few limitations associated with the present study. The methodology employed was consistent across all men's and women's competitions and it followed the international consensus statement for epidemiological studies in Rugby. The specific nature of the injuries and illnesses was diagnosed and reported by qualified physicians and physiotherapists following detailed medical examinations of the injured players. An important aspect of this study is that all injuries and illnesses were followed up postevent and returnto-play dates were reported: this was particularly important for those injuries where a definitive diagnosis was not possible without the use of imaging and where injuries persisted for several weeks. While the 2014/2015 and 2015/2016 SWS studies each covered between 5 and 10 individual tournaments, Rio 2016 represented just one single tournament and, therefore, the exposure and number of injuries recorded were too small to provide definitive assessments or more wide-ranging conclusions.
In conclusion, the incidence, severity and nature of the injuries sustained during the men's and women's Rio 2016 Rugby-7s tournaments fell within the normal range of values experienced at international Rugby-7s tournaments.
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What are the findings?
► This is the first study to evaluate the incidence of injury and illness in men's and women's Rugby-7s at the Olympics. ► The incidence, severity and nature of injuries sustained during the Games were similar to those reported for the Sevens World Series. ► The prevalence of illnesses among male and female Rugby-7s players was low during the Rio Games. 
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